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Determining the plasmotypic structure of rye populations 
by SCAR markers
Abstract
In rye (Secale cereale L.), 2 types of cytoplasmic male sterility are known: Pampa type (CMS-P) and
Vavilovii type (CMS-V). As an alternative method to the conventional plasmotype-genotype interaction
test, for identification of the cytoplasm type, the use of sequence-characterised amplified region (SCAR)
markers was validated in this study. In over 2600 individual rye plants, representing 26 populations
originating from Poland (18 cultivars), Iran (5 populations of primitive rye), and South America (3
populations), the cytoplasm type was determined by using a set of 3 SCAR markers. For about 10% of
these individuals, the plasmotype-genotype interaction test was performed in parallel. The results of
both tests were fully consistent. In the majority of the Polish populations, CMS-V was present, and only
4 populations contained CMS-P. Primitive Iranian populations contained predominantly normal
cytoplasm, and only occasionally CMS-P was identified in them. South American populations displayed
a mixture of normal cytoplasm, CMS-P and CMS-V. This work validates the use of SCAR markers as a
reliable and quick method to determine the plasmotypic diversity of rye populations on a large scale. 
In rye (Secale cereale L.), 2 distinct types of steril-
ity-inducing cytoplasm are known: cytoplasmic
male sterility of the Pampa type (CMS-P), discov-
ered in Argentinean primitive rye by Geiger and
Schnell (1970), and the Vavilovii type (CMS-V),
represented by numerous sources found in differ-
ent populations, e.g. by Kobylyanskii (1971),
£apiñski (1972), Madej (1975), and Adolf and
Winkel (1985). It is known that the CMS-V cyto-
plasm frequently occurs in European rye breeding
materials, while the CMS-P type was identified
mainly in South American populations (£apiñski
and Stoja³owski 2003; Stoja³owski et al. 2006).
Knowledge of the cytoplasmic structure of rye
cultivars is important, since the presence of steril-
izing cytoplasm forces a natural selection elimi-
nating non-restorer alleles from populations.
The cytoplasm type identification can be done by a
conventional plasmotype-genotype interaction
(PGI) test or by recently developed SCAR mark-
ers (Stoja³owski et al. 2006). The second method
enables screening of a large population at a low
cost. In this study, both methods were applied to
analyse the plasmotypic structure of rye popula-
tions of various origin.
The plasmotypic structure of 26 rye popula-
tions was analysed. Among them, 17 populations
were from Poland, including 15 open-pollinated
and 2 top-cross hybrid cultivars. Another studied
cultivar, registered in Poland, was Caroass (a Ger-
man synthetic population). Five tested populations
originating from Iran (Altevogt 14159, Altevogt
14160, Altevogt 14161, IRAN I, IRAN IX), and
3 from South America (Pico Massaux, San Jose,
Trenelense) were kindly provided by Prof. H.H Gei-
ger and Dr. T. Miedaner from the University of
Hohenheim (Stuttgart, Germany). These 8 popula-
tions were earlier characterised as sources of ef-
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fective restorer nuclear genes for the CMS-P
cytoplasm (Geiger and Miedaner 1996; Miedaner
et al. 1997).
For each of the 26 populations, 9–185 individu-
als were randomly chosen to determine their cyto-
plasm type by using SCAR markers. DNA was
extracted from young leaves with the single-step
method described by Thomson and Henry (1995).
PCR conditions and primer sequences are de-
scribed in Stoja³owski et al. (2006). The only modi-
fication concerns a doubling of the annealing time
to 90 seconds for marker nad2, substantially im-
proving the PCR product amplification. In total,
2604 individual plants representing the 26 popula-
tions were characterised by using 3 mitochondrial
SCAR markers (SCAR test). Additionally, to ver-
ify molecular marker results, for 253 plants the
conventional PGI test was performed. Details of
the PGI test are given by £apiñski and Stoja³owski
(2003). To distinguish normal vs. sterilizing cyto-
plasm, the double non-restorer lines 541 and 711
were used. To identify the sterility-inducing cyto-
plasm type, the plants were crossed with the
2020LM-3 inbred line, kindly provided by Dr.
Lucjan Madej (Plant Breeding and Acclimatiza-
tion Institute, Radzików). This line acts as a re-
storer in CMS-V and as a non-restorer in CMS-P,
similar to the L1 line used in previous studies
(£apiñski and Stoja³owski 2003).
In all but one of the Polish open-pollinated
populations, the CMS-V cytoplasm was detected
in 74–100% of the tested individuals (Table 1).
In cultivar ‘Warko’, represented by almost 100 in-
dividuals, and in the small population of ‘Zduno’,
no other cytoplasm type was found. In all the oth-
ers, at least one plant with normal cytoplasm was
present. Regarding the plasmotypic structure, the
population ‘Dañkowskie Diament’ appears to be
markedly distinct from the other analysed
open-pollinated cultivars. In this population, only
sterility-inducing cytoplasm was identified: 95%
of individuals contain CMS-P and 5% contain the
CMS-V cytoplasm.
The presence of CMS-V in a great majority of
plants originating from European cultivated rye
populations was reported previously (£apiñski
and Stoja³owski 2003). Until now, reports on
CMS-P present in European populations were in-
cidental (Kobylyanskii et al. 1994; Warzecha and
Salak-Warzecha 1996). Therefore, the high fre-
quency of plants carrying the CMS-P cytoplasm in
‘Dañkowskie Diament’ seems to be caused by hy-
brid and population breeding programmes carried
out within that breeding company (DANKO Plant
Breeding Ltd.), rather than by natural occurrence
of CMS-P in European rye populations. Similar
conclusions can be drawn for the synthetic popula-
tion represented in this study, the German cultivar
‘Caroass’.
As expected, the CMS-P cytoplasm only oc-
curred at a high frequency in the 2 hybrid cultivars
analysed. In ‘Gradan F1’ no other cytoplasm was
detected, while in ‘Nawid F1’ some plants with
CMS-V and normal cytoplasm were present.
In both tested hybrids, a population cultivar was
employed as a restorer component. The standard
method of commercial hybrid seed production em-
ploys a mixture of 95% male-sterile single cross
and 5% restorer parents, which explains the results
obtained for ‘Nawid F1’. The lack of plants with
cytoplasm other than CMS-P in ‘Gradan F1’ sug-
gests nonstandard seed production or the use of a
restorer population with the CMS-P cytoplasm.
In the five analysed populations from Iran, pre-
dominantly normal cytoplasm was observed (Ta-
ble 1). No CMS-V cytoplasm was detected in
plants originating from these populations. How-
ever, in IRAN I and IRAN IX, some individuals
with the CMS-P cytoplasm were present. The cy-
toplasm types of South American populations
were heterologous. The normal and CMS-P cyto-
plasm were present in all 3 analysed populations.
CMS-V was not detected in ‘San Jose’, but oc-
curred frequently in ‘Pico Massaux’, and occa-
sionally in ‘Trenelense’.
The discovery of effective restorer genes for
CMS-P in rye originating from South America
(Geiger and Miedaner 1996; Miedaner et al. 1997)
is in agreement with the CMS-P cytoplasm occur-
ring in different populations from this region, as
reported previously (£apiñski and Stoja³owski
2003; Stoja³owski et al. 2006) and confirmed in
this study.
The presence of efficient restorer genotypes in
Iranian rye can be only partially explained by the
occurrence of the CMS-P cytoplasm. Plants with
CMS-P were identified in primitive rye from Iran,
but they were infrequent (Figure 1) and occurred
in only 2 of the 5 populations analysed (Table 1).
On 253 plants the PGI test and SCAR marker
analysis were preformed simultaneously. The re-
sults of the PGI test were consistent with the
SCAR test in all cases (Table 1). In 22 individuals
only the first step of the PGI test was done, leading
to the statement that sterility-inducing cytoplasm
was present in them, but the type of CMS was not
identified. The confirmation of the SCAR test re-
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sults by the conventional PGI test highlights the
practical use of these SCAR markers for cyto-
plasm identification in rye plants.
Remarkable differences concerning the
plasmotypic structure of populations from distinct
regions studied here can be noticed. The normal
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Table 1. Numbers of plants carrying different types of
cytoplasm, identified among the analysed populations of
rye. In brackets, the number of plants with the cytoplasm
type identified in the PGI test is given. In italics, the number
of plants carrying sterilizing cytoplasm of unknown type
(not distinguished in the PGI test) is marked.
Population Type of cytoplasm Total
normal CMS-V CMS-P
Varieties registered in Poland
Agrikolo 18 77 0 95
Amilo 20 (1) 78 (1) 0 98 (2)
Caroass (Syn) 0 5 12 17
Bosmo 13 83 0 96
Dañkowskie
Diament
0 9 176 185
Dañkowskie Nowe 11 96 (6+5) 0 107 (6+5)
Dañkowskie Z³ote 12 93 (2+7) 0 105 (2+7)
Gradan (F1) 0 0 96 96
Hegro 12 (3) 69 (8) 0 81 (11)
Kier 17 (1) 86 (6) 0 103 (1+6)
Motto 1 95 0 96
Nawid (F1) 14 18 64 96
Rostockie 5 91 0 96
S³owiañskie 6 90 0 96
Walet 9 (1) 26 (5) 0 35 (1+5)
Warko 0 96 0 96
Wibro 2 94 0 96
Zduno 0 9 (2+7) 0 9 (2+7)
Iranian populations
Altevogt 14159 115 (19) 0 0 115 (19)
Altevogt 14160 116 (20) 0 0 116 (20)
Altevogt 14161 121 (25) 0 0 121 (25)
IRAN I 110 (26) 0 13 (1) 123 (27)
IRAN IX 151 (24) 0 9 (3) 160 (27)
South American populations
Pico Massaux 46 (1) 43 (6+2) 22 (8) 111 (15+2)
San Jose 123 (31) 0 6 (1+1) 129 (32+1)
Trenelense 43 (10) 5 (1) 78 (19) 126 (30)
F1 = hybrid variety; Syn = synthetic variety
Figure 1. Frequency of plants carrying various types of cytoplasm in the analysed rye populations
originating from different regions of the world (N = normal cytoplasm; P = CMS-Pampa;
V = CMS-Vavilovii).
cytoplasm is present in the majority of plants from
Iranian and South American populations
(Figure 1). In South American plants, the Pampa
sterility-inducing cytoplasm is also very frequent,
while in Polish open-pollinated cultivars the
CMS-V cytoplasm is predominant and CMS-P is
present mainly in hybrid cultivars.
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